In this work, we have report a novel electrochemical sensor for the selective detection of dopamine (DA) based on ginger-like morphology of barium molybdate (BaMoO 4 ; BaM) modified screen printed carbon electrode (SPCE). The ginger-like BaM was prepared through a simple co-precipitation technique and its physiochemical properties were systematically investigated by various analytical and spectroscopic techniques such as X-ray diffraction (XRD), Raman, field emission-scanning electron microscopy (FE-SEM) and energy-dispersive X-ray spectroscopy (EDX). Furthermore, the as-prepared ginger-like BaM was effectively investigated for the sensitive and selective electrochemical determination of DA. The ginger-like BaM/SPCE shows a reversible electrochemical behavior with superior current response for DA detection. The BaM catalyst played a significant role to electrochemical detection of DA, as a results very low detection limit (0.021 µM), wide linear response range (0.1-266 µM), well sensitivity (0.35 μAμM −1 cm −2 ) and good selectivity in the presence of common metal ions and biological compounds. This study provides a novel idea for the fabrication of binary metal oxides and their potential application in electrochemical sensor and biosensor.
INTRODUCTION
Recent years, transition metal molybdate poses great attention in numerous areas including photocatalysis, electrocatalysis, supercapacitors, lithium-ion batteries, and luminescent material, etc., owing to their superior physicochemical properties [1] [2] [3] [4] [5] [6] [7] . In particular, scheelite-type molybdates (AMoO 4 ; A= Ni, Co, Pb, Sr, Ba, etc.,) has received tremendous interest in catalysis, photocatalysis, optoelectronic devices, scintillators, anode material and so forth [8] [9] [10] [11] . Among the scheelite-type molybdates, barium molybdate (BaMoO 4 ; BaM), is one of the significant in catalyst, scintillators of medical devices, fiber-optics, electrocatalyst, solar cells, solid-state lasers, light emitting diodes. Therefore, various researchers have paid immense attention for the synthesis of BaMoO 4 through different techniques such as solid-state synthesis, electrochemical deposition, solution combustion method, microemulsion technique, co-polymerization, solvothermal route, molten-salt synthesis and microwave-assisted techniques [12] [13] [14] [15] [16] [17] [18] [19] . However, there are no reports available for the synthesis of ginger-like BaM via a simple (i.e., Co-precipitation) technique and its application for the electrochemical detection of dopamine.
Dopamine (DA) is one of the families of catecholamine which normally occurs in central nervous system. Further, the DA acts as an essential role in human body such as mental and emotional activity, metabolism and neurotransmission. However, low or high concentration level of DA in human body can causes severe health risks including HIV infection, dementia and senile diseases. For these reasons, the accurate determination of DA level in human body is necessary concern to the researchers. Up to now, a number of analytical techniques such as fluorescence, calorimetry, surface enhanced Raman spectroscopy (SERS), chemiluminescence and chromatography have been successfully developed for the accurate and low level detection of DA [20] [21] [22] [23] [24] [25] [26] [27] [28] . However, the aforesaid methods have some disadvantages such as high cost instrument, usage in expensive solvents, needed huge amount of reagents, hard to operate, and time consuming process. Conversely, electrochemical technique could provide low cost, easy to handling, high sensitivity, good selectivity and easily portable when compared to aforementioned traditional methods [29] .
Herein, we have developed a novel electrochemical sensor for the detection of DA based on ginger-like BaM modified SPCE for the first time. The as-prepared BaM was effectively confirmed by different analytical and spectroscopic techniques. The as-prepared BaM/SPCE was employed as an electrocatalyst for the detection of DA. Compared to the unmodified electrode, the electrochemical behavior of DA in BaM/SPCE has effectively improved. Several influential factors such as effect of scan rate and pH were investigated.
EXPERIMENTAL SECTION

Materials
Barium sulfate (BaSO 4 ), sodium molybdate dihydrate (Na 2 MoO 4 .2H 2 O), dopamine (DA), hydrazine (HYD), hydrogen peroxide (H 2 O 2 ), hydroquinone (HQ), caffeic acid (CA), catechol (CC), sodium chloride (NaCl), potassium chloride (KCl), uric acid (UA), ascorbic acid (AA), glucose (GLU), and monosodium dihydrogen phosphate (NaH 2 PO 4 ), disodium hydrogen phosphate (Na 2 HPO 4 ) for the preparation of phosphate buffer solution (0.05 M PBS) and all other chemicals were received from Sigma-Aldrich chemical Co., (USA), Alfa-Aeser (USA) and Fluka chemicals (Switzerland) companies. All the chemicals and solvents were of analytical grade and used without further purification. All required solutions were prepared by double distilled (DD) water.
Characterizations
The powder X-ray diffraction (XRD) analysis was recorded using XPERT-PRO spectrometer (PANalytical B.V., The Netherlands) with Cu-Ka radiation λ = 1.5406 Å. The Raman spectrum was acquired using a Raman spectrometer (Dong Woo 500i, Korea) equipped with a charge-coupled detector. The morphological studies of BaM were carried out with field emission-scanning electron microscopy (FE-SEM, Quanta 250, FEG, Hitachi, Japan operated at 15 kV). All the electrochemical studies of DA determination such as cyclic voltammetry (CV) and differential pulse voltammetry (DPV) were performed using CHI 1205 and CHI 900 (CH Instruments, USA) electrochemical workstation. A conventional three-electrode system was used for the electrochemical studies, where the modified ginger-like BaM screen printed carbon electrode (SPCE) was used as a working electrode (working area = 0.079 cm 2 ) and Ag/AgCl (sat. KCl) and platinum wire are used as reference and counter electrode, respectively. All the electrochemical measurements were carried out at room temperature with N 2 atmospheric conditions. Scheme 1. The synthesis and fabrication of ginger-like BaM on the SPCE and its electrochemical applications towards DA detection.
Preparations of ginger-like BaMoO 4
The ginger-like BaMoO 4 were synthesized by a simple co-precipitation method [30] . In a typical procedure, 40 mL of 0.2 M (1.935 g) of Na 2 MoO 4 was dissolved in a 250 mL beaker and allowed to stirring at room temperature, then, 40 mL of 0.1 M (0.832 g) of BaSO 4 solution was added into the above solution with continuously stirring for an hour. After that, the white precipitate (BaMoO 4 ) was washed with copious amount of DD water followed by ethanol and dried at 40 o C for overnight; finally, ginger-like BaMoO 4 was annealed at 600 o C for 4 h. Later, the annealed ginger-like BaMoO 4 was used for further physicochemical characterization and stored in a screw cap bottle when not in use.
Fabrication of ginger like BaMoO 4 modified SPCE
Prior to electrode modification process, the unused SPCE was washed with DD water and ethanol to remove the adsorbed impurities on the electrode surface. After that, 5 mg of as-prepared ginger like BaM was weighted and transferred into 1 mL of DD and ultrasonication for 15 min to get a homogeneous suspension. Then, 6 µL (optimized concentration) of ginger-like BaM homogeneous suspension was drop casted on the cleaned SPCE surface. After that, BaM drop casted SPCE was dried at ambient temperature in oven. Later, the dried electrode was gently washed with DD water to remove the loosely attached molecules on the SPCE surface. The obtained electrode was denoted as BaM/SPCE and it was used for all the electrochemical studies. The synthesis and fabrication of ginger like BaM on the SPCE and its electrochemical applications are shown in Scheme 1.
RESULTS AND DISCUSSION
Characterization of ginger-like BaM
The crystal structure of the as-prepared material was identified by XRD analysis and shown in [30] [31] [32] . No other notable peaks corresponds to the impurities were observed, suggested that the high purity of BaMoO 4 . Raman spectrum of the as-prepared ginger-like BaM displayed in Fig.1B [33] [34] [35] . The FE-SEM micrographs in Fig.1C clearly demonstrate the ginger-like structure of as-prepared BaMoO 4 . The average diameter and length of ginger-like BaM is to be 60 and 400 µm, respectively. The EDX spectrum of BaM (Fig.1D ) exhibits that the only existing elements are Ba, Mo and O. No peaks of any impurity are observed in Fig.1D , indicating the high purity of the product. 
Electrochemical activity of BaM modified SPCE and unmodified SPCE
The electrochemical sensing properties of ginger-like BaM/SPCE and bare SPCE were investigated by CV for the detection of neurotransmitter DA (200 µM) in phosphate buffer solution (0.05 M PBS; pH 7.0) at a scan rate of 50 mV/s. Fig.2A shows the CV responses of ginger-like BaM/SPCE and bare SPCE in the presence (b, a) and absence (c, d) of 200 µM DA in 0.05 M PBS (pH 7). The bare SPCE and ginger-like BaM modified SPCE reveals that there is no electrochemical current signal was observed in the absence of 200 µM DA at the selected potential window ranging from -0.1 to + 0.7 V. However, an obvious and well-defined reversible redox peaks were observed on the BaM/SPCE at a scan rate of 50 mV/s with the current value of 6.15 µA, when the 200 µM of DA was added into 0.05 M PBS (pH 7.0). At the same time, the unmodified SPCE exhibits poor electrocatalytic activity comparatively lower to the BaM/SPCE. However, the obtained anodic peak is ascribed to the oxidation of DA to o-dopaminoquinone (DOQ), whereas, the cathodic peak is due to the reduction of DOQ to DA. The possible electrochemical redox mechanism of DA on the BaM/SPCE is shown in Scheme 2.
The obtained electrochemical results are clearly suggested that the ginger-like BaM has a higher active surface area and these larger surface areas is very helpful to improve the electrocatalytic activity of DA detection. 
Scheme 2.
Possible electrochemical redox mechanism of DA on the BaM modified SPCE.
Influence of scan rate and pH
To evaluate the electrochemical behavior of DA at ginger like BaM/SPCE, the effect of scan rate on the electrochemical oxidation of DA was examined by CV at various scan rates ranging from 10 to 200 mV/s (Fig.2B) . As observed in Fig2B, the electrochemical oxidation (E pa ) and reduction (E pc ) peak potentials are slightly shifted towards anodic and cathodic direction while increasing the scan rate from lower to higher, suggesting that the characteristics of a quasi-reversible electrochemical redox reaction. Furthermore, the anodic peak currents (I pa ) and cathodic peak currents (I pc ) has a good linearity with scan rate (Fig.2C) , the corresponding linear regression equation can be expressed as I pa (µA) = 0.049 (mV/s) + 2.87, with a correlation coefficient of R 2 = 0.993, suggested that the electrochemical oxidation of DA on the ginger-like BaM/SPCE is an typically-adsorption controlled electrode process [36, 37] . The electrochemical behavior (i.e., peak shape and current) of DA must be affected by changing the pH solution from (3-11), due to the contribution of protons in the overall electrode reaction. So that, the pH of electrolyte is most important analytical parameter in electrochemical studies, which can be directly affected the electrochemical activity of the proposed sensor. Thus, we have studied the electrochemical activity of DA in various pH solution. Fig.2D shows CV curves of BaM/SPCE (presence of 200 µM DA) with well-defined oxidization peak currents and the peak potentials were also shifted to the cathodic side upon increasing the pH values from 3.0 to 11.0. The oxidation peak currents of DA was gradually increased with increasing the pH values from 3.0 to 7.0, and then, peak current was gradually decreased when the pH values increasing above 7.0 (Fig.2F) . The maximum oxidation peak current of DA was achieved at pH 7, so, we have chosen pH 7.0 as the favorable supporting electrolyte for the further electrochemical studies. Moreover, Fig.2E 
Determination of DA on BaM/SPCE
DPV techniques is more sensitive tool to quantify the concentrations of DA, hence, the DPV was used to determine the DA. 1-1941 µM) . A well-defined oxidation peak current was appeared while adding the concentrations from lower to higher at a potential of 0.18 V. However, the anodic peak current response was increased upon increasing the concentration of DA at BaM/SPCE in 0.05 M PBS (pH 7.0). 
Moreover, the modified electrode is proposed to have a lower detection limit of 0.021 µM and the electrode sensitivity was calculated to be 0.35 µA µM -1 cm -2 . In addition, the analytical performance such as LOD, linear response range and sensitivity of the BaM/SPCE modified electrode was potentially compared with previously reported other DA sensors and the results are given in Table  1 [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] . From the results in Table 1 , the proposed BaM/SPCE has an excellent analytical performance compared with other modified DA sensors. Therefore, the prepared BaM/SPCE possesses a very lower LOD, wide linear response range and good current sensitivity for the determination of DA. . Hence, we have investigated that the sensing performance of DA in the presence of co-interfering compounds by DPV. The DPV response of DA was examined in the presence of 10-fold higher concentrations of cointerfering compounds (figure not shown). The oxidation peak current did not affect the peak current and peak potential of DA even in presence of 10-folds higher concentration of co-interfering compounds, suggests that the proposed BaM/SPCE has a well anti-interference capability. The bar diagram of Fig.3C , suggested that the prepared BaM modified SPCE has an excellent selectivity for the detection of DA.
The stability of the proposed BaM/SPCE modified electrode was examined in the presence of 100 µM DA containing 0.05 M PBS (pH 7.0) by DPV technique. The DA oxidation peak current response was slightly decreased (4.2 %) after 20 th cycles. After the 20 th cycles, there is no further oxidation peak current decrement was observed at BaM/SPCE, suggests that the proposed BaM/SPCE has an appreciable stability for the DA sensor. The repeatability was assessed through the consecutive measurements under DA for 5 times at a single BaM/SPCE with RSD of less than 5%, suggesting a good repeatability of the proposed sensor. These results revealed that the BaM/SPCE has a good stability, and repeatability for the DA sensor.
CONCLUSION
In this work we have successfully demonstrated a novel ginger-like BaMoO 4 by simple coprecipitation method. The as-prepared BaM modified SPCE was applied to the electrochemical detection of DA. The synthesized ginger-like BaM has a well-defined morphology and high crystallinity; it was thoroughly characterized by various analytical techniques such as XRD, FE-SEM, EDX, and Raman. The electrochemical detection of DA at the BaM modified SPCE was investigated by using CV and DPV techniques. Moreover, the fabricated electrode showed good linear response range (0.1-266 µM) and very lower detection limit (0.021 µM) for DA detection and the obtained results are effectively compared with previously reported articles. Moreover, the proposed BaM/SPCE exhibited an excellent selectivity, efficient electrocatalytic activity and good stability, for these peculiar properties and the excellent electrocatalytic activity behavior; it can be effectively used for further industrial applications.
